Objective: Childhood obesity has increased rapidly in China, but understanding is limited on how parents perceive their child's weight status and how this perception affects weight-related parenting practices. We examined maternal perception of her child's weight status and its association with demographics, subsequent weight-related parenting practices, the child's health behaviours and weight change. Design/Setting/Subjects: Maternal perception of child's weight status and health behaviours from the China Health and Nutrition Surveys were assessed at baseline and in follow-up surveys for 816 children aged 6-18 years during 2004-2011. Associations were tested using mixed models. Results: Overall, maternal and child perceptions of the child's weight status were fairly consistent (κ w = 0·56), 63·8 % of mothers had correct perception. While 9·6 % of mothers perceived their child as overweight, 10·9 % of children did so, and 13·6 % of children were indeed overweight. Compared with mothers who viewed their children as normal weight, mothers who thought their children were overweight were more likely to encourage their children to increase their physical activity (OR; 95 % CI: 1·8; 1·0, 3·3) and to diet (4·3; 2·3, 7·8). Children perceived as overweight by their mothers were more likely to have insufficient physical activity (2·8; 1·6, 4·7) and gain more weight during follow-up (BMI Z-score, β (SE): 1·0 (0·1); P < 0·01) than children perceived by their mothers as normal weight. Conclusions: In China, mothers who perceive their child as overweight are more likely to encourage their child to exercise and modify their diet for weight management, but this encouragement does not seem to improve the child's health behaviours and weight status.
In relation to the significant influence of parenting practices on children's eating behaviours, which has been well established (1, 2) , several studies suggest parental perception of their child's overweight status is a protective factor against future weight gain during childhood (3) . When parents correctly assessed their children's weight status, they were more likely to perceive their overweight children as being less active and to overeat more often than other children (4) . In addition, overweight children with correct weight perceptions increased attempts to lose weight (5, 6) . However, worldwide, about half of parents underestimate their children's overweight status as reported by a recent systematic review with mean ages between 2 and 16 years (7) . The National Health and Nutrition Examination Survey in the USA showed that parental underestimation of pre-school children's overweight status has increased by 30 % in the last 20 years (8) . Due to their cross-sectional designs, these studies have not shown a causal relationship between overweight perception and later weight loss. In contrast, a few longitudinal studies have found that children who are labelled fat by parents, family or peers have a higher risk of subsequent weight gain (9) or obesity (10) , but the underlying reasons are unknown. To our knowledge, children's age (7) , BMI (4, 7, 11, 12) , parental education level (4, 12) , maternal weight status (7) , maternal concern about their child's weight gain (13) and cultural influence (12) significantly contribute to parental perception of child's weight status, although the effect of child sex (7, 11) is not significant in all of these studies. Interestingly, parents in China had higher misperception of their children's weight status compared with parents in some other countries (7) . It is reported that 56·0 % of parents (14) and 65·4 % of children (15) had inaccurate assessment of children's weight status. Although these perceptions seem to be associated with children's adverse health behaviours (14) , the cross-sectional study design did not allow testing how the perception may have affected weightrelated parenting practices (e.g. parents might encourage their children to change their physical activity (PA) and eating behaviours to change their weight), while childhood obesity rates have been increasing over the last three decades in China (16, 17) . Using nationwide longitudinal survey data, the present study examined: (i) the prevalence of maternal and child perceptions of the child's weight status; (ii) the differences in perceptions by child sex, age, measured weight status, maternal weight status, parental education level and residence area; and (iii) their associations with subsequent weight-related parenting practices, child health behaviours and weight gain during follow-up.
Methods and materials
Study design and study sample The China Health and Nutrition Survey (CHNS), which began in 1989, is conducted by the University of North Carolina at Chapel Hill and the Chinese Center for Disease Prevention and Control. It is a long-term, prospective, open-cohort study that applies a multistage random clustering sampling design and obtained information from about 4400 households with a total of 26 000 individuals in nine Chinese provinces at its inception. Later, more provinces and municipal cities were added. Thus far, CHNS has collected data in fifteen provinces and municipal cities. CHNS was not designed to be nationally representative, but it covers areas that account for approximately 45 % of China's total population varying substantially in geography, economic development, public resources and health indicators to examine various socio-economic factors affecting people's health and nutritional status.
In CHNS, various measures on individuals (e.g. health, diet and PA), their family (e.g. residence, structure and income) and community have been collected. Data on individuals were collected by in-home visit interviews and survey questionnaires. Selected adults and children from the same household were enrolled. During in-home visit interviews, the data collectors asked the primary care provider's help if needed for the child response to survey questionnaires for children younger than 12 years old. Detailed information about the CHNS is provided elsewhere (18) . Informed consent was obtained from all study participants for data collection. The present study was approved by the State University of New York at Buffalo Institutional Review Board.
The present study included only those first-born children aged 6-18 years (n 2310) in families surveyed in 2004, 2006, 2009 and 2011 , because data on maternal perception of child's weight status were collected from the mothers only for their first child in CHNS.
Children without information for age, sex, at least two weight and height measurements, and maternal and child perceptions of the child's weight status were excluded from our analysis, resulting in a final analytic sample of 816 children. For stratified analysis, two age groups were created: 6-11 and 12-18 years old.
Assessment and measures
Child weight status Child weight and height were measured to the nearest 0·1 kg and 0·1 cm in light, indoor clothing without shoes using a weight scale (Floor Weight Scale No. 877; SECA, UK) and measuring tape (Mechanical Measuring Tape No. 206; SECA) by trained and certified staff during a detailed physical examination. All staff followed standard protocols of the National Center for Health Statistics in the USA and had to take inter-observer reliability tests as part of their training (18) . Child BMI (kg/m 2 ) was calculated and transformed to a BMI Z-score according to the sex-and agespecific WHO reference growth charts (19) . Change in BMI Z-score was used to show weight gain during follow-up. Child weight status was classified as underweight, normal weight or overweight and obese, based on the International Obesity Task Force BMI cut-offs (20) .
Maternal and child perceptions of the child's weight status Mothers were asked to describe their first child's weight status, and children were asked to describe themselves as normal weight, underweight or overweight. Maternal and child perceptions of the child's weight status were categorized as correct/under-/over-perception by comparing their perceptions with the child's actual weight status based on the measured and calculated BMI and the International Obesity Task Force BMI cut-offs (20) .
Weight-related parenting practices
Mothers were asked whether they encouraged their child to engage in more PA and to lose or gain weight through dieting, which meant modifying their usual eating habits to change weight.
Child health behaviours
Children's responses on their PA level, diet, attempts to diet and screen time in the CHNS child survey were used in our analysis. Children's self-reports were classified by whether they were on a diet and whether their PA was too little, just the right amount or too much. PA was defined as sports or activities that increased the heart rate or made them sweat. Daily recreational screen time was defined as the average number of hours spent watching television, videos, DVD and (online) movies, playing video/computer games, surfing the Internet, and chatting online before or after school and over the weekend.
Children's food consumption data were collected using a 24 h recall and same-day interview conducted by trained nutritionists over three consecutive days. Total energy intake (kcal/d) and fat consumption (g/d) were calculated from the food consumption data (18) . Percentage of energy from fat was calculated as follows: % energy from fat = [fat (g) × 9 kcal/g]/[total energy (kcal)].
Parental and household characteristics
To consider the associations between family and household socio-economic status and maternal and child perceptions of child's weight status, we used parental weight status (overweight or obese, not overweight or obese), highest parental education (less than middle school, middle and high school, advanced degree(s)), household income per capita (tertiles) and residence (rural, urban). Parental weight status was classified using the Chinese BMI cut-points for overweight (24·0 ≤ BMI < 28·0 kg/m Statistical analysis First, we described the distributions of maternal and child perceptions of the child's weight status and examined differences in both perceptions and the mother-child matched perceptions with the child's actual weight status by demographic characteristics of the child, their families and households using the χ 2 test. Second, we tested agreement between maternal and child perceptions of the child's weight status using weighted kappa (κ w ) and the total percentage of agreement in the overall sample and within subgroups.
To examine the longitudinal associations between maternal/child perceptions of the child's weight status and subsequent maternal behaviours and child's health, we used baseline perceptions from pooled data of the CHNS 2004, 2006 and 2009 and measurements of weight-related parenting practices, child's health behaviours and anthropometrics at least 2 years post-baseline. The interaction term between maternal/child weight perceptions and BMI Z-score at baseline was included in the mixed models to test whether the effect of perceived weight status on weight gain was moderated by the child's actual weight at baseline.
Mixed models were used, considering the CHNS sampling methods and hierarchical data structure. Our models included fixed and random effects (allowing individuals to have their own intercepts and slopes of their age) and adjusted for sex, age, BMI Z-score at baseline, survey wave, the interaction between maternal/child perceptions and BMI Z-score at baseline, urban/rural residence and income level. In addition, parental education level and maternal weight status were included in the analyses to adjust for the influence of parental characteristics on parental perceptions.
Analyses were conducted using the statistical software packages SAS version 9.3 and Stata version 14. Effect size was presented as β coefficient with SE or OR with 95 % CI, and significance was set as P < 0·05 for all analyses.
Results
At baseline, half of the 816 children aged 6-18 years were boys (51·5 %) and 34·3 % lived in urban areas. Less than 10 % of their parents had advanced degree(s) ( Table 1) .
Maternal and child perceptions of child's weight status at baseline Among 816 children, 13·6 % of children were overweight (Table 1) . Table 2 describes the distributions of maternal and child perceptions of child weight status in all and stratified groups by demographics. Overall about 10 % of mothers and children perceived the child as being overweight (mother: 9·6 %, child: 10·9 %; Table 2 ). More than half of mothers (63·8 %) correctly perceived their child's weight status, while 22·2 % of mothers under-perceived and 14·0 % of mothers over-perceived compared with the child's actual weight status (see online supplementary material, Supplemental Table 1 ). Compared with normaland underweight children, overweight children were less likely to be perceived correctly by mothers (40·5 %) and by the children themselves (37·8 % of 111; Table 2 ).
Overweight mothers and their children and urban children tended to perceive the child as being overweight more than their counterparts, which was not surprising because children with overweight mothers and living in urban areas had higher rates of overweight (Table 2) . Mothers and children tended to under-perceive younger children's weight status compared with the weight status of older children (P < 0·05; online supplementary material, Supplemental Table 1 ). However, mothers' and children's weight perceptions of the child did not differ by child sex.
Overall mothers' and children's weight perceptions of the child were fairly consistent with each other (κ w = 0·56, P < 0·001), especially for boys, overweight children, urban children and children with overweight mothers compared with their counterparts (Table 2) . Comparing the motherchild matched perceptions with the child's actual weight status, 52·8 % of children and their mothers correctly assessed the child's weight status, but 24·3 % of children and their mothers had the same wrong perception (both under-and over-perceptions) of child's weight status (online supplementary material, Supplemental Fig. 1 ). This misperception by both children and their mothers was greater for younger children (26·6 % of 552) than older children (19·3 % of 264, P < 0·001).
Associations between maternal and child perceptions of child's weight status and follow-up weight-related parenting practices, child healthrelated behaviours and child weight gain Weight-related parenting practices, child health behaviours and child weight gain were significantly affected by prior maternal perception of the child's weight status in longitudinal analysis after adjusting for individual, parental and household demographic characteristics. Mothers who considered their children overweight were more likely to encourage their children to engage in more PA (OR = 1·8; 95 % CI 1·0, 3·3) and to change his/her weight through dieting (OR = 4·3; 95 % CI 2·3, 7·8) than mothers who viewed their children as normal weight (Table 3) .
Children who were perceived as overweight either correctly or incorrectly by mothers believed they had insufficient PA (OR = 2·8; 95 % CI 1·6, 4·7) compared with children with normal weight perception by mothers (Table 3) ; however, there were no significant differences in children's attempts to diet and their levels of daily energy intake, percentage of energy from fat in total energy intake and screen time by maternal perception of the child's weight status (data not shown).
Also, children who were perceived as overweight by their mothers had a higher BMI Z-score increase (β = 0·95 (SE 0·12), P < 0·001) and a higher likelihood of becoming overweight at follow-up (OR = 21·7; 95 % CI 8·9, 52·7) than those perceived as normal weight (Table 3 ). There were no significant interactions between child BMI Z-score and maternal weight perception of the child for every outcome variable. These results suggest that the association between identifying a child's weight status and the child's weight gain, as well as child health behaviours and weight-related parenting practices, are not dependent on the actual BMI of the child at baseline.
Children previously perceived as underweight by their mothers also were more likely to be encouraged to change their weight through dieting (OR = 2·5; 95 % CI 1·6, 4·1) than those perceived as normal weight. These children also had a lower BMI Z-score increase (β = −0·54 (SE 0·12), P < 0·001) and a lower likelihood of becoming overweight (OR = 0·2; 95 % CI 0·1, 0·7) at follow-up. Children's own weight perceptions had the same associations with followup weight-related parenting practices, child health behaviours and weight gain as mothers' perceptions of their child's weight status (Table 3) .
Discussion
Using nationwide longitudinal survey data collected during 2004-2011 in China, we examined maternal and child perceptions of the child's weight status, mother-child agreement, and how these perceptions affected follow-up weight-related parenting practices, the child's health-related behaviours and weight gain. Only 10 % of Chinese mothers and children perceived the child as being overweight or obese, while 59·5 % of mothers perceived their overweight child as being not overweight, compared with 50·7 % of mothers in other countries as reported by a recent systematic review (7) . In particular, overweight children and younger children were less likely to be perceived correctly regarding their weight status by their mothers and themselves, compared with their counterparts.
Maternal perception of her child's overweight status appears to be a protective factor for weight-related †BMI Z-score was calculated based on the sex-and age-specific WHO reference growth charts (19) . ‡Child weight status was classified by the extended International Obesity Task Force BMI cut-offs (20) . §Highest parental education was defined by the higher achieved degree of either parent. ║Parental weight status was classified using the Chinese BMI cut-off points for overweight (24 ≤ BMI < 28·0 kg/m 2 ) and obese (≥28·0 kg/m 2 ).
parenting practices. Mothers would encourage their child to pursue weight management through PA and diet if they perceived their child as overweight. However, such maternal perception and encouragement were not linked to the child's healthy eating and self-rated PA level, despite being associated with increased childhood weight gain For all children (%) 23·9 6 6 ·5 9 ·6 2 1 ·1 6 8 ·0 1 0 ·9 7 7 ·1 0 ·56 By child weight status classified based on BMI calculated using measured weight and height (%) Underweight 44·8 †Agreement between maternal and child perceptions was described by sociodemographic characteristics. For example, overweight children had 80·2 % agreement between maternal and child perceptions of the child's weight status, and their κ w = 0·65 (P < 0·001). All κ w statistics were statistically significant (P < 0·001). ‡Maternal weight status was classified using the Chinese BMI cut-points for overweight (24 ≤ BMI < 28·0 kg/m 2 ) and obese (BMI ≥ 28·0 kg/m 2 ). §Highest parental education was defined as the higher achieved education degree of either parent. PA, physical activity. *In total 816 children aged 6-18 years old and having (i) both maternal and child perceptions of child weight status and (ii) at least 2 years' later follow-up BMI Z-score were included in data analysis from CHNS 2004-2011 (number of data points = 1089). Separate mixed models were fit for each perception (maternal v. child's) and for each outcome, respectively. The models adjusted for child sex, age, BMI Z-score at baseline, survey wave, interaction between maternal/child perceptions and BMI Z-score at baseline, urban/rural residence, family income level, parental education (only included in the analysis of maternal perception effect) and maternal weight status (only included in the analysis of maternal perception effect). Significant results (P < 0·05) are shown in bold font.
†All associations between maternal and child's perception of the child's weight status and BMI Z-score were statistically significant (P ≤ 0·001). ‡Children's self-reported data were used in the analysis.
during the follow-up. Other factors of the household environment may impede the effect of maternal perception and encouragement on preventing childhood obesity. Maternal perception of the child's weight status has been considered a key factor in obesity prevention and management (3) . First, parents are not good at accurately classifying their child's weight status (21) . In a worldwide meta-analysis (7) , about 50·7 % parents underestimated their children's overweight status. Second, when parents underestimate their children's weight, they are more likely to report that their overweight children 'overeat less often' and are 'moderately active' compared with parents with correct classifications (4) . Third, parents do not allow their children to participate in an obesity prevention intervention if they believe their overweight/obese child does not have a weight problem (22) . These findings from crosssectional studies support the popular belief that being perceived overweight by parents is a protective factor against children's future weight gain through better weight-related parenting practices (3) . We found moderate agreement between maternal and child perceptions of the child's weight status (total agreement = 77·1 %; κ w = 0·56, P < 0·001), which may be partially due to parental impact on children's self-weight perception. As expected, we also found weight-related parenting practices were significantly different by maternal perception of the child's weight status. Mothers who perceived their child as overweight were more likely to encourage the child to increase PA and to change his/her weight through dieting. This pattern is similar to previous findings: correct weight perception is helpful for better control over lifestyles such as attempts to do more PA and eat less (5, 6) . Yet, as indicated in the present study, maternal concerns about their children's weight status were not sufficient to change child health behaviours or to reduce the risk of overweight during the follow-up years. Children whose mothers had perceived them as overweight thought they still had insufficient PA and they did not try to diet, modify their energy intake or reduce sedentary time more than children perceived as normal weight. Subsequently, children perceived as overweight gained more weight and had a higher risk of being overweight across childhood than did their counterparts. Also, several recent studies have found neither self-perception of overweight status among adults nor parental perception of child's overweight status is a protective factor for subsequent weight gain, even though they were associated with an increased risk of future weight gain in longitudinal analysis (9, 23, 24) . The underlying mechanisms remain to be determined.
We speculate these results could be due to the possible struggle between self-motivation from recognizing undesirable weight status (i.e. being overweight) and low self-esteem from weight stigma (25) . Tomiyama described the cyclic obesity/weight-based stigma model as a positive feedback loop wherein weight stigma begets weight gain through increased eating behaviour and increased cortisol secretion governed by behavioural, emotional and physiological mechanisms, which are theorized to ultimately result in weight gain and difficulty of weight loss. Indeed, one study found that children who were labelled as fat by a family member or peer in early childhood were more likely to gain more weight into adolescence (26) . As indicated by weight management programmes, promoting children's self-motivation through self-esteem is a key factor for successful obesity interventions (27) . Encouraging overweight children's self-esteem may further enhance the moderate effects of the combined obesity interventions delivered in schools and home (28) . Our study indicates that the rate of Chinese mothers with correct overweight perception of their children is lower than that of other countries, based on a worldwide meta-analysis (7) . However, those mothers who were overweight or who had overweight children or urban children recognized the child as being overweight more than their counterparts, as these children had a higher risk of becoming overweight. To help these groups at risk, obesity intervention programmes in China should promote children's self-motivation and improve their health behaviours. This will help reduce the growing epidemic of obesity and chronic diseases in China (16, (29) (30) (31) (32) . The current study had some limitations. Since data on the maternal perception of child's weight status were collected only for the mother's first child in CHNS, second and later children may have somewhat different effect size in the association. The level or intensity of children's PA was not available to analyse as a function of maternal weight perception due to high rates of missing data. Due to data limitations, we could not account for the effects of breast-feeding history, birth weight and infancy growth characteristics. However, the study used a nationwide sample and longitudinal data, and studied the impact of maternal perceptions of children's overweight status on children's health behaviours and longitudinal risk of weight gain. Fifteen provinces and municipal cities that vary substantially in geography, economic development and public resources across China were included CHNS. Thus, findings based on the CHNS data could be generalized for the total Chinese population. The results provide some insight for future family-based interventions to fight the rising child obesity epidemic in China and other countries.
Conclusion
In conclusion, maternal perceptions of their children being overweight status led to weight-related parenting practices for child weight management, such as encouraging their child to increase exercise and modify their diet, but this did not improve children's health behaviours or weight status. In China, obesity intervention programmes need to empower parents on accurate perception of their children's weight status and healthy parenting practices and to motivate overweight children to maintain a healthy body weight.
